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DEVICE AND METHOD FOR EXAMINING AND 
MANIPULATING MICROSCOPIC OBJECTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This invention claims priority of the German patent 
application 100 39 520.1 Which is incorporated by reference 
herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a device and to a 
method for examining and manipulating microscopic 
objects. 

BACKGROUND OF THE INVENTION 

[0003] Devices of the generic type have been knoWn in 
practice for a considerable time. Merely by Way of example, 
reference may be made to “Micromanipulation by Light in 
Biology and Medicine” by Karl Otto Greulich, Birkhauser 
Verlag 1999. That document describes hoW, during the 
microscopic examination of objects With the aid of focused 
laser beams, forces are exerted on particles, particles are 
comminuted, perforated or ablation can be performed. The 
possibilities for object manipulation are used especially in 
cell biology in order, for example, to manipulate the interior 
of unopened cells Without hindrance. In this case, above all 
tWo different manipulation processes are customary. On the 
one hand, objects or object regions are illuminated With 
focused infrared light, With the result that individual par 
ticles of the object or object regions in the vicinity of the 
manipulation focus are captured and are moved along When 
the position of the manipulation focus in the focal plane 
changes (optical tWeeZers), so that a force can, for example, 
be applied to them. If pulsed, focused UV light is applied to 
an object region then, because UV light has a high energy 
density, biological material can be cut or perforated With 
high spatial resolution (nanoscalpel). 

[0004] In another examination method in cell biology, 
objects are prepared With so-called “caged compounds”. 
These compounds contain calcium or amino acids such as, 
for example, glutamate, and are bonded to or enclosed by 
sequestrants (gelators). These compounds can be broken up 
by irradiation With UV light, With the result that the calcium 
or the released glutamate is capable of triggering further 
reactions in the cell (photoactivation). Photoactivation can 
also be achieved With the aid of tWo-photon processes. 
Merely by Way of example, reference may in this regard be 
made to US. Pat. No. 5,034,613 and to DE 44 14 940, Which 
describe the use of tWo-photon absorption by ?uorescent 
dyes in scanning microscopy. 

[0005] With the aid of optical tWeeZers, it is possible to 
determine bonding forces betWeen cell elements, for 
example betWeen microtubuli and other cytoskeletal ele 
ments, or to measure contraction forces of muscle ?bers. 

[0006] Currently, the laser light used to manipulate the 
object is input into the beam path of a conventional light 
microscope. The manipulation of the object is generally 
carried out by moving the sample With the microscope stage. 
The manipulation and the examination or observation of the 
object is in this case carried out either in the ?uorescent-light 
mode or in the transmitted-light mode of a conventional 
microscope. 
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[0007] A problem With these examinations and manipula 
tions of objects, hoWever, is that because of the visualiZation 
properties of a conventional microscope, only the object 
region that is located in the depth of focus of the microscope 
objective is tWo-dimensionally visualiZed. The object 
regions beyond this depth of focus, hoWever, are interfer 
ingly superimposed on the image, Which makes exact object 
manipulation di?icult or impossible. Accordingly, such 
examinations and manipulations are primarily performed on 
objects Which have a small dimension along the optical axis, 
so that these objects can be brought completely into the 
depth of focus of the microscope objective. The object can 
therefore be visualiZed fully during a visualiZation process, 
and interfering superimpositions of object regions beyond 
the depth of focus of the microscope objective can thereby 
be avoided. 

[0008] But if examinations and manipulations are to be 
carried out on objects Which have a—compared to the depth 
of focus of the microscope objective—large dimension 
along the optical axis, on the one hand the previously 
described visualiZation problem occurs and, on the other 
hand, it is not readily possible to carry out object manipu 
lations in different planes parallel to the focal plane of the 
microscope objective. The reason for this is that, for simul 
taneous manipulation at a plurality of object sites With a 
different position along the optical axis, the foci of the light 
for manipulation Would correspondingly have to be adjusted 
differently, Which is currently not provided for With conven 
tional object-manipulation instruments. Corresponding driv 
ing of such a manipulation device by a user Would further 
more require that the three-dimensional object can be 
visualiZed With su?icient resolution along the optical axis to 
adjust the object regions for manipulation, but this is virtu 
ally impossible beyond a precision of one micrometer With 
a conventional microscope. 

[0009] The utiliZation of a laser for a nanoscalpel disad 
vantageously cuts cylindrical sections into the three-dimen 
sional object, so that this type of manipulation is unsuitable 
for many applications. 

[0010] DE 199 24 709 discloses a device With Which 
components can be positioned rapidly, With high resolution 
and precisely. In particular, an objective revolver of a 
microscope can be positioned along the optical axis With this 
device (objective revolver scanning arrangement). 

[0011] DE 196 53 413, or EP 0 753 779, discloses devices 
Which can focus collimated laser light at from 20 to 50 
illumination foci in the intermediate image plane, or object 
plane, of a microscope. The light is laser light, Which is 
suitable for tWo-photon excitation of ?uorescent objects. 

[0012] DE 196 54 210 C2 and DE 100 33 549.7 disclose 
devices per se for de?ecting a light beam essentially in tWo 
mutually perpendicular directions. 

[0013] DE 44 14 940 and US. Pat. No. 5,034,613 disclose 
confocal scanning microscopes, in Which ?uorescent objects 
are excited in ?uorescence by tWo-photon processes. 

SUMMARY OF THE INVENTION 

[0014] It is therefore an object of the present invention to 
examine and manipulate even three-dimensional objects, 
Whose dimension along the optical axis is greater than the 
depth of focus of the microscope objective used, With the 
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additional intention that object manipulation should be pos 
sible at all sites of the three-dimensional object. 

[0015] The above object is accomplished by a device for 
examining and manipulating microscopic objects compris 
ing: a confocal scanning microscope, a ?rst light source for 
illuminating the object, Wherein the ?rst light source de?nes 
an illumination beam path, a detector for detecting the light 
returning from the illuminated object, Wherein the detector 
de?nes a detection beam path, a second light source for 
manipulating the object, Wherein the second light source 
de?nes a manipulation light beam path, a ?rst beam de?ec 
tion device is provided in the illumination light beam, and a 
second beam de?ection device is provided in the manipu 
lation light beam.. 

[0016] Three-dimensional detection of the object, in 
Which discrimination of the object light contributions Which 
come from regions that lie beyond the depth of focus of the 
microscope objective, is furthermore intended to be pos 
sible. 

[0017] The object is accomplished With a device for 
eXamining and manipulating microscopic objects compris 
ing: a confocal scanning microscope, a ?rst light source for 
illuminating the object, Wherein the ?rst light source de?nes 
an illumination beam path, a detector for detecting the light 
returning from the illuminated object, Wherein the detector 
de?nes a detection beam path, a second light source for 
manipulating the object, Wherein the second light source 
de?nes a manipulation light beam path, a ?rst beam de?ec 
tion device is provided in the illumination light beam, a 
second beam de?ection device is provided in the manipu 
lation light beam, Wherein the manipulation light beam path 
and the illumination light beam path are separated from each 
other and at least one beam splitter is provided prior to the 
microscope objective for combining the manipulation light 
beam path and the illumination light beam path. 

[0018] An additional object of the invention is to provide 
a method Which alloWs a three-dimensional detection and/or 
manipulation of an object. 

[0019] The above object is accomplished by a method 
Which comprises the steps of: 

[0020] illuminating the object With at least one light 
source; 

[0021] detecting the light returning from the object, 
and 

[0022] manipulating the object With a second light 
source Wherein the manipulation of the object is 
carried out simultaneously With the confocal object 
detection and the detection is done three-dimension 
ally during the manipulation. 

[0023] According to the invention, it has been recogniZed 
for the ?rst time that, With a confocal scanning microscope, 
the light contributions coming from the object and outside 
the depth of focus of the microscope objective can be 
effectively suppressed or stopped-out because of the confo 
cal principle. The resolution along the optical aXis of a 
confocal scanning microscope is furthermore higher than 
that of a conventional light microscope, so that on the one 
hand three-dimensional visualiZation of the object for 
manipulation is possible and, on the other hand—because of 
the three-dimensional information available about the 
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object—three-dimensional object manipulation is hereby 
made possible. Three-dimensional object information With 
high resolution along the optical aXis is a fundamental 
prerequisite for eXact three-dimensional driving of the 
manipulation light beam. Object manipulation may involve 
utiliZing at least one optical tWeeZers, carrying out an object 
change using at least one nanoscalpel, bleaching ?uorescent 
dyes and/or releasing caged compounds. 

[0024] In a preferred embodiment, at least tWo beam 
de?ection devices are provided. An eXample of a beam 
de?ection device that may be provided is a mirror Which is 
mounted so as to rotate about tWo aXes, preferably being 
cardan-suspended. Another possible beam de?ection device 
is a mirror system consisting of tWo mirrors, each mounted 
respectively so as to rotate about one aXis. A preferred 
embodiment uses a device for de?ecting a light beam 
substantially in tWo mutually perpendicular directions, 
according to DE 196 54 210 C2 or DE 100 33 549.7. The use 
of an AOD (acousto-optical de?ector) or an EOM (electro 
optical modulator) as a beam de?ection device might also be 
conceivable. 

[0025] In a speci?c embodiment, de?ection of the illumi 
nation light beam using a beam de?ection device is pro 
vided. The manipulation light beam is likeWise de?ected by 
a beam de?ection device. The de?ection of the illumination 
light beam is carried out independently of the de?ection of 
the manipulation light beam since, in general, the illumina 
tion light beam is used for tWo- or three-dimensional detec 
tion of the object, Whereas the manipulation light beam is 
used for manipulation of the object or individual object 
regions and different de?ection is required than in the case 
of the illumination light beam. 

[0026] In an advantageous embodiment, the manipulation 
light beam path and the detection/illumination beam path 
run substantially separately from one another. To that end, 
for example, the detection/illumination beam path could run 
through a microscope objective and the manipulation light 
beam path could run through a lens Which is arranged on the 
opposite side from the microscope objective With respect to 
the focal plane of the microscope objective. In the simplest 
form, this lens could be designed as a microscope condenser, 
although it is also possible to employ another microscope 
objective as the lens. If tWo microscope objectives arranged 
opposite one another are used, it is preferable to use micro 
scope objectives Which have the same, or at least compa 
rable, basic technical data such as eg magni?cation, immer 
sion medium and/or numerical aperture. 

[0027] It the manipulation light beam path and the detec 
tion/illumination beam path overlap at least partially, pro 
vision is made that the manipulation light beam path and the 
detection/illumination beam path can be combined by a 
beam splitter. The beam splitter could then be designed 
either as a chromatic beam splitter or as a polariZation beam 
splitter. Beam combination in Which one of the scanning 
mirrors arranged in the common beam path is used as a beam 
de?ection device for the beam combination, is also conceiv 
able. In this case, the scanning mirror is transparent for one 
of the tWo beam paths, Whereas it acts as a mirror for the 
other beam path. 

[0028] In a particularly advantageous embodiment, provi 
sion is made that the focus position of the manipulation light 
along the optical aXis is changeable. As a result, three 
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dimensional object manipulation is possible by being able to 
adjust the focus position of the manipulation light to differ 
ent positions along the optical axis, so that object manipu 
lation is possible even in object regions that lie beyond the 
currently adjusted depth of focus of the microscope objec 
tive. Speci?cally, the change of the focus position of the 
manipulation light could be carried out using focusing 
means arranged mobile betWeen the light source and the 
object. Beam splitting of the manipulation light might also 
be conceivable, i.e. so as to position a plurality of manipu 
lation light foci in different planes along the optical axis. The 
manipulation light could then be split into a number of 
subsidiary beams equal to the number of different planes, 
along the optical axis, in Which manipulation light foci are 
to be positioned. Each subsidiary beam of the manipulation 
light could in this case be provided With a focusing means 
assigned to this subsidiary beam. As a result of the one or 
more focusing means acting only in the manipulation light 
beam path, positioning of a focus position of the manipu 
lation light even outside the currently adjusted depth of 
focus of the microscope objective is possible. 

[0029] The change of the manipulation light focus posi 
tion, in a preferred embodiment, is accompanied by a change 
of the illumination light focus position. In particular, pro 
vision is made that the change of the tWo focus positions is 
carried out simultaneously. The focus change could then be 
carried out using a common objective revolver scanning 
arrangement, as disclosed for example by DE 199 24 709. In 
this case, the detection/illumination beam path and the 
manipulation light beam path run together through the 
optical component Which is moved by the objective revolver 
scanning arrangement, and is for example designed in the 
form of a microscope objective. 

[0030] In a preferred embodiment, the manipulation light 
beam is used as optical tWeeZers and/or as a nanoscalpel. A 
Zoom lens is provided in the manipulation light beam path 
for changing the shape of the manipulation light focus. 
Hence, for example, the focus radius of the manipulation 
light beam can be decreased or increased With the aid of the 
Zoom lens, Which leads to a change in the force on the object 
for manipulation, or can change the shape of the nanoscal 
pel, respectively. 

[0031] The beam de?ection device or the beam de?ection 
devices, in a speci?c embodiment, can be coupled to the 
microscope interface for conventional direct-light illumina 
tion and/or to an additional interface on the microscope. As 
a result, it is advantageously possible to use already existing 
microscope interfaces, Which permit simple upgrading of 
already installed microscope systems. 

[0032] At least one spectrally selective element is pro 
vided to input the illumination and/or manipulation light. 
Light of at least one speci?c Wavelength can be selected and 
input into the respective beam path and/or the optical poWer 
of the light to be input can be varied by the spectrally 
selective element. The spectrally selective element could 
comprise an AOTF (acousto-optical tunable ?lter), AOBS 
(acousto-optical beam splitter), AOD (acousto-optical 
de?ector) and/or EOM (electro-optical modulator) and be 
driven by a control computer, preferably as a function of the 
illumination and/or manipulation beam position. As a result, 
selective input of light having a plurality of Wavelengths into 
the illumination and/or manipulation light beam path is 

Feb. 21, 2002 

possible, the input optical poWer also being controllable as 
a function of the corresponding beam position. As a result, 
fast sWitching of the manipulation light beam on and off can 
in particular be performed, Which is generally required for 
the simultaneous manipulation of a plurality of manipulation 
sites by one manipulation light beam. To that end, the 
manipulation light beam must be de?ected to the individual 
manipulation sites and, during the de?ection process, the 
manipulation light beam must be stopped-out from the 
manipulation light beam path. 

[0033] Particularly preferably, the object manipulation is 
carried out simultaneously With the confocal object detec 
tion. As a result, the object manipulation Which is carried out 
can advantageously be examined With the aid of the confocal 
object detection at an increased resolution along the optical 
axis compared With conventional microscopy. In particular, 
provision is made that an object is three-dimensionally 
detected during the object manipulation. To that extent, 
independent de?ection, or positioning, of the detection/ 
illumination beam path and of the manipulation light beam 
path is then necessary. 

[0034] Particularly advantageously, the object manipula 
tion is carried out three-dimensionally. In particular, provi 
sion is then also made that object manipulation is carried out 
at different manipulation sites in the planes parallel to the 
focal plane of the microscope objective. 

[0035] With the method according to the invention, it is 
possible to indirectly measure bonding forces betWeen indi 
vidual objects or object regions. To that end, at least tWo 
manipulation sites relating to the object or the object region 
can be captured and displaced in the captured state With the 
aid of the optical tWeeZers. During the displacement of the 
manipulation sites, provision is made that the object or the 
object regions and/or the displacement of the manipulation 
sites is detected. If, for example, a latex bead is speci?cally 
attached to each of the tWo ends of a muscle ?ber, then the 
tWo latex beads could each be captured by an optical 
tWeeZers. Displacement of one or both beads Would also 
cause a change to the muscle ?ber. The detection of the 
muscle ?ber during the displacement of the optical tWeeZers 
can provide information about prevailing bonding forces and 
the properties of the muscle ?ber. 

[0036] In an alternative procedure, at least tWo manipula 
tion sites relating to the object or the object region are 
captured With the aid of the optical tWeeZers. Achange of the 
manipulation sites and/or of the object is detected during 
object manipulation. The object manipulation could here be 
induced by the manipulation light beam. The manipulation 
light beam could, for example, induce the bleaching of 
?uorescent dyes or the release of caged compounds. 

[0037] Using this procedure, for example, the contraction 
force of a muscle ?ber can be indirectly measured. To that 
end, the muscle ?ber is prepared With caged-compound 
release calcium and introduced, for examination or manipu 
lation, into the microscope system according to the inven 
tion. For the object detection, the muscle ?ber is scanned 
continuously With illumination light at a Wavelength of 488 
nm. UV light (eg 365 nm) is shone only in the region of the 
muscle ?ber, With a result that the caged-compound release 
calcium is released so that the muscle ?ber contracts. Actin 
or myosin Was likeWise preparatively coupled to the muscle 
?ber ends. The actin or myosin Was previously captured by 
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an optical tweezers. The contraction of the muscle ?ber 
causes a displacement of the actin or myosin from the 
starting position, the displacement being proportional to the 
contraction force of the muscle ?ber. The contraction force 
can be deduced by measuring the displacement of the 
starting positions When the muscle contraction is triggered. 

[0038] Provision is furthermore made that the object 
manipulation can be used to examine the passage of infor 
mation from cell to cell. Information transport from cell to 
cell is accomplished, on the one hand, by electrical infor 
mation transmission and, on the other hand, by the passage 
of neurotransmitters such as eg calcium. For instance, a 
caged calcium compound Which can be broken up at a 
predetermined time by shining UV light or infrared light, 
may be introduced into a cell. As a result of this, the released 
calcium triggers a reaction in the cell, Which thereupon 
proceeds independently of the manipulation. For examina 
tion, the entire process can be detected Without interruption 
by the confocal scanning microscope, so that the propaga 
tion of information to the neighbour cell prepared With a 
?uorescent calcium indicator can be registered. It is already 
knoWn that the reaction of the neighbour cell may not occur 
if the stimulus information enters a third cell Within a 
speci?c time WindoW. For examining this phenomenology, it 
is helpful to trigger an information-propagation reaction in 
tWo neighbouring cells quasi-simultaneously or With a 
de?ned time lag. These examinations require fast object 
detection, Which can be achieved for example using a beam 
de?ection device according to DE 196 54 210 or DE 100 33 
549. 

[0039] Yet other applications in cell biology, neurobiology 
and human genome research are conceivable With the 
method according to the invention. 

[0040] The object detected during the examination and 
manipulation, together With the manipulation sites, is pref 
erably represented on a monitor. TWo- and/or three-dimen 
sional representation is then provided. Three-dimensional 
representation is preferably carried out in a perspective vieW, 
the perspective vieWpoint being freely selected. The selec 
tion of the vieWpoint could be carried out using pointer 
instruments, for example With a mouse or a joystick. 

[0041] To examine the object, provision is made that 
?uorescent and/or re?ected light from the object and, 
optionally, also from the manipulation sites is detected. 
Fluorescent excitation could here also be carried out by 
multiphoton excitation methods, as described for example in 
DE 44 14 940, or US. Pat. No. 5,034,613. 

[0042] As a function of the application in question, pro 
vision is made that the Wavelength of the illumination light 
beam can be selected. It is possible as a result, in particular, 
to sWitch on at least one further Wavelength at any time 
during the scanning of the sample. To that end, object 
illumination by a plurality of lasers and/or by the use of a 
multiline laser is provided. 

[0043] In another variant, for example, a “mini-labora 
tory” could be produced in the microscope system according 
to the invention. In the object holder device, this mini 
laboratory could have various regions in Which an object 
undergoes various processing steps. These different regions 
could have different ambient or embedding media, so that 
suitable parametric conditions exist for the treatment step in 
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question. An object could be transported, With the aid of the 
optical tWeeZers, from one region to another region Where, 
for example, With continuous object detection, parts of a cell 
or the complete cell nucleus are excised from the cell, and 
thereupon transported using further optical tWeeZers to 
another region Were the excised cell nucleus is processed 
further. 

[0044] For thorough and comprehensive object examina 
tion, provision is made that an object is simultaneously 
scanned by at least tWo light beams, Which are de?ected by 
different respective beam de?ection devices. Provision is 
then made that the beam de?ection devices operate synchro 
nously With one another. For example, one light beam could 
be used for single-photon excitation and a second light beam 
could be used for multiphoton excitation of the ?uorescent 
object. 
[0045] With a vieW to fast imaging of the object, the latter 
is scanned, and correspondingly detected, With a plurality of 
illumination foci or With a linear illumination pattern. For 
object scanning With a plurality of illumination foci, one of 
the arrangements knoWn from DE 196 53 413 or EP 0 753 
779, Which operate in connection With tWo-photon ?uores 
cent excitation, could for example be used. A linear illumi 
nation pattern could, for example, be produced by introduc 
ing an illumination slit and by using cylindrical lenses. 

[0046] Particularly preferably, at least one tWo- or three 
dimensional subregion of the object is established and is 
detected With increased photon statistics, With reduced scan 
ning rate and/or With higher spatial resolution. This subre 
gion is preferably the object subregion for examination, 
Which is relevant to the application in question. The remain 
ing region could be detected With reduced photon statistics, 
With increased or maximum scanning rate and/or With 
reduced spatial resolution. The overall examination of the 
object can hence be concentrated on the essential regions, so 
that a maximum information yield can be detected for these 
regions of the object. As an alternative to this, provision 
could also be made that the remaining region is not detected 
at all, and that the illumination beam is de?ected in such a 
Way that, from one subregion, it reaches another subregion 
by the shortest route. With this procedure, only the estab 
lished subregions are then detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] There are, moreover, various possible Ways of 
advantageously con?guring and developing the teaching of 
the present invention. In this regard reference should be 
made to the patent claims and draWings. In the draWing, 

[0048] FIG. 1 shoWs a schematic representation of an 
exemplary embodiment according to the invention of a 
device for examining and manipulating microscopic objects, 

[0049] FIG. 2 shoWs a schematic representation of 
another exemplary embodiment according to the invention 
of a device for examining and manipulating microscopic 
objects, 
[0050] FIG. 3 shoWs a schematic representation of a third 
exemplary embodiment according to the invention of a 
device for examining and manipulating microscopic objects, 

[0051] FIG. 4 shoWs a schematic representation of a 
method step according to the invention for determining 
contraction forces of a muscle cell, 
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[0052] FIG. 5 shows a schematic representation of a 
section plane perpendicular to the plane represented in FIG. 
4, and 

[0053] FIG. 6 shoWs a schematic representation of a 
method step according to the invention for examining the 
information propagation betWeen three cells. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0054] FIG. 1 shoWs a device for examining and manipu 
lating microscopic objects 1, With a microscope 2 repre 
sented merely as a microscope objective, With tWo light 
sources 3, 4 used to illuminate the object 1, an illumination 
beam path 5, a detector 6 used to detect the light returning 
from the object 1, a detection beam path 7, a second light 
source 8 used for the object manipulation, and a manipula 
tion light beam path 9. 

[0055] The light from the ?rst light sources 3, 4 is com 
bined coaxially by a beam splitter 10 and is re?ected in the 
direction of the dichroic beam splitter 11. The illumination 
light from the ?rst light sources 3, 4, re?ected by the 
dichroic beam splitter 11, is de?ected by the beam de?ection 
device 12 in tWo essentially mutually perpendicular direc 
tions. To that end, a scanning mirror 13 is provided, Which 
is cardan-suspended and can be rotated about tWo mutually 
perpendicular axes (not shoWn). The light re?ected by the 
scanning mirror 13 is input into the schematically repre 
sented microscope 2, With the microscope objective 2 focus 
ing the illumination light in the object region. 

[0056] According to the invention, the microscope is a 
confocal scanning microscope, speci?cally one Which has an 
illumination pinhole 14 and a confocal detection pinhole 15 
optically conjugate thereWith. 

[0057] In the exemplary embodiments of FIG. 1 to 3, tWo 
beam de?ection devices 12, 16 are provided. The beam 
de?ection device 12 here de?ects the illumination light 
beam 5, Whereas the beam de?ection device 16 de?ects the 
manipulation light beam 9. The de?ection of the illumina 
tion light beam 5 is carried out independently of the de?ec 
tion of the manipulation light beam 9. The beam de?ection 
device 12 is driven by the control computer 18 via a 
connection 17. The beam de?ection device 16 is driven by 
the control computer 18 via the control connection 19. 

[0058] FIG. 3 shoWs that the manipulation light beam 
path 9 runs substantially separately from the detection beam 
path 7 and the illumination beam path 5. The illumination 
beam path 5, or the detection beam path 7, then runs through 
the microscope objective 2 and the manipulation light beam 
path 9 runs through a second microscope objective 20, 
Which is arranged on the opposite side from the microscope 
objective 2 With respect to the focal plane of the microscope 
objective 2. 

[0059] In FIG. 1 and 2, the manipulation beam path 9 and 
the detection/illumination beam path 7, 5 are combined- by 
a beam splitter 21 and 13, respectively. The beam splitter 21 
in FIG. 2 is here designed as a chromatic beam splitter, 
Which re?ects light from the manipulation light source 8 to 
the microscope objective 2 and Which is transparent for the 
illumination and detection light 5, 7. The scanning mirror 13 
of the beam de?ection device 12 in FIG. 1 is used for beam 
combination of the illumination/detection light 5, 7 and the 
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manipulation light beam path 9. The scanning mirror 13 is 
here transparent for the light from the manipulation light 
source 8, but the illumination/detection light 5, 7 is re?ected 
at the scanning mirror 13 into the microscope objective 2. 

[0060] In the method according to the invention for exam 
ining and manipulating microscopic objects 1, the object 
manipulation is carried out simultaneously With the confocal 
object detection. Three-dimensional object detection is car 
ried out during the object manipulation. FIG. 4 shoWs a 
detail of a detected three-dimensional object data record in 
the form of an xy section plane 22. FIG. 5 shoWs a detail of 
the same detected data record in the form of a yZ section 
plane 23. The object manipulation is here carried out three 
dimensionally, on the one hand in the XZ manipulation plane 
24 indicated by dots and dashes, as Well as in the XZ 
manipulation plane 25 likewise indicated by dots and 
dashes. The tWo planes 24, 25 are parallel to the focal plane 
of the microscope objective 2. 

[0061] FIG. 4 and 5 shoW hoW a method according to the 
invention is carried out for determining contraction forces of 
a muscle cell 26. Here, tWo manipulation sites 29, 30 
relating to the muscle cell 26 are captured With the aid of tWo 
optical tWeeZers 27, 28. The manipulation sites 29, 30 are 
respectively connected to the muscle cell 26 via an actin 
bond 31. After object manipulation using a further manipu 
lation light beam (not shoWn), the caged-compound release 
calcium prepared in the muscle cell 26 is released so that the 
muscle cell 26 contracts, Which is indicated by the tWo 
arroWs in the image details 22, 23. The muscle cell 26 is 
constantly detected before, during and after the object 
manipulation, so that the positional change of the manipu 
lation sites 29, 30 due to the contraction of the muscle cell 
26 can be detected, and quantitative evaluation of the 
contraction forces is hence possible. 

[0062] The detected object 1, 26, together With the 
manipulation sites 29, 30, is represented on the monitor 31 
of the operator computer 32 of the confocal scanning 
microscope. The representation here takes place tWo-dimen 
sionally, for example in the form of the xy and y2 section 
planes 22, 23 of FIG. 4 and 5. FIG. 4 schematically 
represents the scanning pattern 36 of the illumination focus, 
the scanning pattern having a large scanning interval in the 
y direction to simplify the representation. 

[0063] FIG. 6 shoWs an xy section plane 22 of an image 
taken of three cells 33, 34, 35. The information propagation 
from cell to cell is studied in these cells. Here, UV light for 
the object manipulation is applied to each of the cells 34 and 
35, so that caged-calcium compounds prepared in the cells 
are broken up and the released calcium triggers a reaction in 
the cell 34 or 35, respectively. Reaction of cell 35 to cell 33 
may not occur if, Within a speci?c time WindoW, the stimulus 
information of cell 34 arrives at cell 33. To that end, UV light 
is applied to the tWo cells 34, 35 With a de?ned time lag. This 
time interval is constantly reduced When the experiment is 
repeated, until UV light is applied quasi-simultaneously to 
both cells 34, 35. A ?uorescent calcium indicator likeWise 
prepared in the cells makes it possible to detect the infor 
mation propagation. 

[0064] Lastly, it should more particularly be pointed out 
that the exemplary embodiments discussed above are merely 
used to describe the claimed teaching, but do not restrict it 
to the exemplary embodiments. 
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What is claimed is: 
1. A device for examining and manipulating microscopic 

objects comprising: a confocal scanning microscope, a ?rst 
light source for illuminating the object, Wherein the ?rst 
light source de?nes an illumination beam path, a detector for 
detecting the light returning from the illuminated object, 
Wherein the detector de?nes a detection beam path, a second 
light source for manipulating the object, Wherein the second 
light source de?nes a manipulation light beam path, a ?rst 
beam de?ection device is provided in the illumination light 
beam, and a second beam de?ection device is provided in 
the manipulation light beam. 

2. Device according to claim 1, Wherein the ?rst beam 
de?ection device and the second beam de?ection device 
operate independently from each other. 

3. Device according to claim 1, Wherein in that the 
manipulation light beam path and the detection/illumination 
beam path run substantially separately from one another. 

4. Device according to claim 3, Wherein the detection/ 
illumination beam path runs through a microscope objective 
and the manipulation light beam path (9) runs through a lens 
Which is arranged on the opposite side from the microscope 
objective With respect to the focal plane of the microscope 
objective. 

5. Device according to claim 1, Wherein the focus position 
of the manipulation light along the optical axis is change 
able. 

6. Device according to claim 5, Wherein a focusing means 
is arranged mobile betWeen the second light source. 

7. Device according to claim 1, Wherein the manipulation 
light beam is used as optical tWeeZers and/or as a nanoscal 
pel. 

8. Device according to claim 7, Wherein a Zoom lens is 
provided in the manipulation light beam path for changing 
the shape of the manipulation light focus. 

9. Device according to claim 1, Wherein at least one beam 
de?ection device is coupled to an interface of the micro 
scope for conventional direct-light illumination. 

10. Device according to claim 1, Wherein at least one 
spectrally selective element is used to input the illumination 
and/or manipulation light. 

11. Device according to claim 10, Wherein the spectrally 
selective element consists essentially of an AOTF (acousto 
optical tunable ?lter), AOBS (acousto-optical beam splitter), 
AOD (acousto-optical de?ector) or EOM (electro-optical 
modulator) and are driven by a control computer, preferably 
as a function of the illumination and/or manipulation beam 
position. 

12. A device for examining and manipulating microscopic 
objects comprising: a confocal scanning microscope, a ?rst 
light source for illuminating the object, Wherein the ?rst 
light source de?nes an illumination beam path, a detector for 
detecting the light returning from the illuminated object, 
Wherein the detector de?nes a detection beam path, a second 
light source for manipulating the object, Wherein the second 
light source de?nes a manipulation light beam path, a ?rst 
beam de?ection device is provided in the illumination light 
beam, a second beam de?ection device is provided in the 
manipulation light beam, Wherein the manipulation light 
beam path and the illumination light beam path are separated 
from each other and at least one beam splitter is provided 
prior to the microscope objective for combining the manipu 
lation light beam path and the illumination light beam path. 
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13. Device according to claim 12, Wherein the beam 
splitter is designed as a chromatic beam splitter or as a 
polariZation beam splitter. 

14. Device according to claim 13, characteriZed in that a 
scanning mirror of a beam de?ection device is used for the 
beam combination. 

15. Device according to claim 12, characteriZed in that the 
focus position of the manipulation light along the optical 
axis is changeable. 

16. Device according to claim 15, Wherein a focusing 
means is arranged mobile betWeen the second light source 
and the object. 

17. Device according claims 12, Wherein the manipulation 
light beam is used as optical tWeeZers and/or as a nanoscal 
pel. 

18. Device according to claim 12, Wherein at least one 
spectrally selective element is used to input the illumination 
and/or manipulation light. 

19. Device according to claim 18, characteriZed in that the 
spectrally selective element consists essentially of an AOTF 
(acousto-optical tunable ?lter), AOBS (acousto-optical 
beam splitter), AOD (acousto-optical de?ector) and/or EOM 
(electro-optical modulator) and can be driven by a control 
computer, preferably as a function of the illumination and/or 
manipulation beam position. 

20. Adevice for examining and manipulating microscopic 
objects comprising: a confocal scanning microscope, a ?rst 
light source for illuminating the object, Wherein the ?rst 
light source de?nes an illumination beam path, a detector for 
detecting the light returning from the illuminated object, 
Wherein the detector de?nes a detection beam path, a second 
light source for manipulating the object, Wherein the second 
light source de?nes a manipulation light beam path, a ?rst 
beam de?ection device is provided in the illumination light 
beam, a second beam de?ection device is provided in the 
manipulation light beam and an interface is provided to the 
microscope Wherein at least one beam de?ection device is 
coupled to for conventional direct-light illumination. 

21. A method for examining and manipulating micro 
scopic objects, With a confocal scanning microscope, com 
prising the steps of: 

illuminating the object With at least one light source; 

detecting the light returning from the object, and 

manipulating the object With a second light source 
Wherein the manipulation of the object is carried out 
simultaneously With the confocal object detection and 
the detection is done three-dimensionally during the 
manipulation. 

22. Method according to claim 21, Wherein the object 
manipulation is carried out three-dimensionally, and espe 
cially in the planes parallel to the focal plane of a micro 
scope objective. 

23. Method according to claim 21, Wherein a determina 
tion of the bonding forces betWeen individual objects or 
object regions is carried out. 

24. Method according to claim 23, Wherein at least tWo 
manipulation sites relating to the object or the object region 
are captured and displaced in the captured state With the aid 
of the optical tWeeZers. 

25. Method according to claim 24, characteriZed in that at 
least tWo manipulation sites relating to the object or the 
object region are captured With the aid of the optical 
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tweezers, and in that a change of the manipulation sites 
and/or of the object are detected during object manipulation. 

26. Method according to claim 21, Wherein manipulating 
comprises bleaching of ?uorescent dyes and/or the release of 
caged compounds. 

27. Method according to claim 25, Wherein the detected 
object is represented together With the manipulation sites 
preferably on a monitor. 

28. Method according to claim 27, Wherein the perspec 
tive vieWpoint of a three-dimensional representation of the 
manipulation site is freely selected. 

29. Method according to claim 21, Wherein an object is 
simultaneously scanned by at least tWo light beams, Which 
are de?ected by different respective beam de?ection 
devices. 
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30. Method according to claim 29, Wherein the beam 
de?ection devices operate synchronously With one another. 

31. Method according to claim 21, Wherein the object is 
scanned With a plurality of illumination foci or With a linear 
illumination pattern for fast imaging. 

32. Method according to claim 21, Wherein at least one 
tWo- or three-dimensional subregion of the object is estab 
lished and is detected With increased photon statistics, With 
reduced scanning rate and/or With higher spatial resolution. 

33. Method according to claim 32, Wherein the remaining 
region is detected With reduced photon statistics, With 
increased or maXimum scanning rate and/or With reduced 
spatial resolution. 


